Determination of an RNA structure involved in splicing inhibition of a muscle-specific exon.
We have investigated the RNA structure of the region surrounding the muscle-specific exon 6B of the chicken beta-tropomyosin gene. We have used a variety of chemical and enzymatic probes: dimethylsulfate, N-cyclohexyl-N'-(2-(N-methylmorpholino)-ethyl)-carbodiimide-p-tolu enesulfonate) , RNase T1 and RNase V1. Lead acetate was also used to obtain some information on the tertiary structure of this region. Probing the wild-type sequence suggests a model involving one-stem and three-stem-loop structures in and around this exon. Two of these, hairpin I and stem III, have previously been implicated in repression of splicing of the intron following exon 6B in a HeLa nuclear extract. Stem I includes sequences at the beginning of exon 6B and stem III results from interaction of the intron upstream from exon 6B with sequences in the middle of the intron downstream from this exon (the intron whose splicing is repressed). Neither stem I nor stem III directly involves the consensus sequences (5' splice site, branch-point, 3' splice site) of the repressed intron. Probing RNAs that are derepressed for splicing of this intron show that there are structural changes around the 5' splice site and branch-point sequence that correlate with the derepression. This is true, despite the fact that the derepressed RNAs are altered in a region far from these consensus sequences. The most striking structural correlation with splicing capacity of the intron downstream from exon 6B is seen by probing with lead acetate. Lead ions cut RNA at specific residues; these sites are very sensitive to RNA tertiary structure. Repressed and derepressed RNAs show entirely different cleavage patterns after incubation with lead acetate. Remarkably, hybridizing a derepressed RNA with an RNA comprising the ascending arm of stem III not only re-establishes repression, but also converts the pattern of susceptibility to attack by lead ions over the whole molecule. We suggest that RNA conformation plays a role in keeping exon 6B from being spliced into non-muscle cell mRNA.